Microwave-assisted multicomponent reaction for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones and their corresponding 2(1H)-thiones using lanthanum oxide as a catalyst under solvent-free conditions  by Kuraitheerthakumaran, A. et al.
Arabian Journal of Chemistry (2016) 9, S461–S465King Saud University
Arabian Journal of Chemistry
www.ksu.edu.sa
www.sciencedirect.comORIGINAL ARTICLEMicrowave-assisted multicomponent reaction for
the synthesis of 3,4-dihydropyrimidin-2(1H)-ones
and their corresponding 2(1H)-thiones using
lanthanum oxide as a catalyst under solvent-free
conditions* Corresponding author. Tel.: +91 9442389644; fax: +91 4144
228233.
E-mail address: mgkrishnan61@gmail.com (M. Gopalakrishnan).
Peer review under responsibility of King Saud University.
Production and hosting by Elsevier
http://dx.doi.org/10.1016/j.arabjc.2011.06.005
1878-5352 ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).A. Kuraitheerthakumaran, S. Pazhamalai, M. Gopalakrishnan *Department of Chemistry, Annamalai University, Annamalainagar 608 002, IndiaReceived 25 February 2011; accepted 6 June 2011
Available online 22 June 2011KEYWORDS
3,4-Dihydropyrimidinone;
Lanthanum oxide;
Biginelli reaction;
Microwave;
Solvent-freeAbstract An efﬁcient synthesis of 3,4-dihydropyrimidinone derivatives using lanthanum oxide as a
catalyst, from aldehydes, b-keto ester and urea/thiourea without solvent under the irradiation of
microwave is described. Compared with classical Biginelli reaction conditions, this new method
has the advantage of excellent yields and shorter reaction times.
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Dihydropyrimidinones (DHPMs) derivatives have exhibited
important pharmacological properties such as antiviral, anti-
bacterial, antitumor and antihypertensive activities (Rovnyak
et al., 1995). Some have been successfully used as calcium
channel blockers, a-1a-antagonists and neuropeptide Y (NPY)
antagonists (Atwal et al., 1990). Several alkaloids, which
contain the dihydropyrimidine core unit, have been isolatedfrommarine sources. Most notable among these are the batzell-
adine alkaloids, which were found to be potent HIVgp-120-
CD4 inhibitors (Snider et al., 1996). The Biginelli reaction is
considered as an important multicomponent reaction for gener-
ating compounds with diverse medicinal applications.
The original one-pot synthesis of 3,4-dihydropyrimidin-
2(1H)-ones was ﬁrst reported by Pietro Biginelli in 1893 per-
forming the three component cyclocondensation reaction of
ethyl acetoacetate, benzaldehyde and urea under Bronsted
acid catalysis. However, this reaction suffers from the harsh
conditions, high reaction times and frequently low yields
(Biginelli, 1893). Therefore, the discovery of milder and prac-
tical routes for the synthesis of dihydropyrimidin-2(1H)-ones
by the Biginelli reaction continues to attract the attention of
researchers.
In recent years, new methods for the synthesis of 3,4-dihy-
dropyrimidin-2(1H)-ones have been developed by different
groups. In order to improve the efﬁcacy of the Biginelli reac-
S462 A. Kuraitheerthakumaran et al.tion different Lewis catalyst such as SbCl3 (Cepenec et al.,
2007), InBr3 (Fu et al., 2002), Cu(NH2SO3)2 (Liu and Wang,
2009), H3PMo12O40 (Heravi et al., 2006), ZrCl4 (Reddy
et al., 2002), CaF2 (Chitra and Pandiarajan, 2009), LaCl3Æ7-
H2O (Lu et al., 2001), lanthanide triﬂate (Ma et al., 2000)
and ionic liquid (Peng and Deng, 2001) were reported.
During recent years, the chemistry of lanthanum and their
use in organic synthesis have developed rapidly. Furthermore,
their low toxicity and availability at a moderate price makes
this element attractive for use in organic synthesis. The use
of lanthanide(III) compounds as catalysts or promoters in or-
ganic synthesis has attracted great interest from many chemists
(Molander, 1992). Lanthanide additives (or) complexes can en-
hance the reactivity and selectivity of many types of reaction,
such as reduction (Nishino et al., 2002), carbon–carbon bond
forming reactions (Kobayashi, 1999), aldol condensation
(Kobayashi et al., 1993), Fridel–Crafts acylations (Kawada
et al., 1994) and aza Diels–Alder reactions (Makioka et al.,
1995).
Environmental concerns in research and industries to
reduce the amount of pollutants produced, including organic
solvents whose recovery is mandated by ever more strict laws.
Hence, the challenges for a sustainable environment call for
the use of clean procedures, which can avoid the use of harm-
ful solvents. The emergence of microwave assisted solid phase
synthesis (Varma, 1999) is a step forward in this direction. In
this expeditious and solvent free approach the adsorbed reac-
tants over solid supports are exposed to microwave irradia-
tion. The coupling of a microwave heating mode with the
use of solid has allowed the synthesis of several organic com-
pounds with higher purity of products and very simpliﬁed
ease of manipulation and work up (Katritzky and Singh,
2003).
It is of great practical importance to synthesize by Biginelli
reaction DHPMs using easily separable solid catalysts having
pore size large enough to allow the diffusion of large mole-
cules, requiring short reaction time and particularly without
any solvent, so that the synthesis is also environ-friendly pro-
ducing little or no waste. The present investigation was under-
taken for this purpose. Herein, we wish to report a simple and
efﬁcient method for the synthesis of 3,4-dihydropyrimidin-
2(1H)-ones and their corresponding thiones under solvent-free
conditions using lanthanum oxide as a catalyst.Scheme 1 Synthesis of 3,4-dihydropyrimidinones/thiones cata-
lyzed by La2O3 under microwave irradiation and solvent-free
condition.2. Experimental
2.1. Materials and methods
Benzaldehyde and substituted benzaldehydes (Aldrich chemi-
cals) were used as received. Ethyl acetoacetate (AnalaR grade),
urea/thiourea and lanthanum oxide were purchased from
Merck and used as such.
2.2. Apparatus
All melting points were measured in open capillaries and are
uncorrected. IR spectra were recorded using Avatar-330 FT-
IR spectrophotometer using KBr pellets. 1H and 13C NMR
spectra were recorded on a BRUKER AMX 500 MHz spec-
trometer in DMSO-d6 using TMS an in internal standard. Ele-
mental analyses were performed on a Perkin Elmer 240 CHNelemental analyzer. Microwave LG ECN: MG-395 WA/01,
MOD: MG-395 WA model was used.
2.3. General procedure for preparation of 3,4-dihydropyrimidin-
2(1H)-ones/thiones
A mixture of aromatic aldehydes (10 mmol), ethyl acetoacetate
(10 mmol) and urea/thiourea (15 mmol) with La2O3 (10
mol%) without any solvent in a beaker (capacity 25 mL), plac-
ing the beaker containing the reaction mixture at the center of
the microwave oven (320 W) and irradiating for a period of 5 s
at a time. After every irradiation, the reaction vessel was re-
moved from the microwave oven for a period of 10 s and the
reaction mixture was stirred. The completion of the reaction
was checked by TLC (ethyl acetate/hexane, 8:2). The total per-
iod of the MW irradiation ranges from 20 to 60 s. Then, the
crude product from the reaction mixture was dissolved in ethyl
acetate, the catalyst was separated by the ﬁltration. The organ-
ic layer was washed with water and dried over anhydrous
Na2SO4. Organic solvent was evaporated under reduced pres-
sure and the resulting solid product was then crystallized from
hot ethanol. The structure of the pure products was conﬁrmed
by FT-IR, 1H NMR, 13C NMR and elemental analysis. A vari-
ety of substituted benzaldehydes and urea/thiourea were used
for this reaction.
3. Results and discussion
In a model reaction, ethyl acetoacetate (2) (10 mmol), benzal-
dehyde (1) (10 mmol), urea/thiourea (3) (15 mmol) and La2O3
(10 mol%) in micro oven gave the product in 98% yield
(Scheme 1). A variety of substituted benzaldehydes and urea/
thiourea were used for this reaction. The results are summa-
rized in Table 1.
It was found that the reaction could go smoothly and the
corresponding DHPMs were obtained in excellent yield (90–
98%) when the mixture was irradiated at 320 W for 20–60 s.
Table 1 Synthesis of 3,4-dihydropyrimidinones/thiones catalyzed by La2O3 under microwave irradiation.
a
Entry R X Timeb (s) Yieldc (%) M.p. (C)
Found Reported
4a C6H5 O 20 98 202–204 201–203
4b 2-(Cl)–C6H4 O 52 96 211–213 215–218
4c 2-(NO2)–C6H4 O 60 90 204–206 206–208
4d 3-(Cl)–C6H4 O 49 93 194–196 195–196
4e 3-(NO2)–C6H4 O 56 92 222–224 226–228
4f 4-(Cl)–C6H4 O 45 96 208–210 210–212
4g 4-(CH3O)–C6H4 O 36 98 200–202 202–203
4h 4-(NO2)–C6H4 O 58 92 203–205 207–208
4i 4-(F)–C6H4 O 48 96 172–174 175–177
4j 3,4,5-(CH3O)–C6H2 O 35 95 188–190 –
4k C6H5 S 25 97 204–206 206–208
4l 2-(Cl)–C6H4 S 54 94 172–174 168–170
4m 2-(NO2)–C6H4 S 60 90 196–198 –
4n 3-(Cl)–C6H4 S 52 92 236–238 240–242
4o 3-(NO2)–C6H4 S 58 91 200–202 203–205
4p 4-(Cl)–C6H4 S 47 95 188–190 192–194
4q 4-(CH3O)–C6H4 S 38 96 154–156 150–152
4r 4-(NO2)–C6H4 S 60 91 106–108 109–111
4s 4-(F)–C6H4 S 50 95 104–106 –
4t 3,4,5-(CH3O)–C6H2 S 37 92 200–212 –
a Reaction condition: aldehydes 1 (10 mmol), ethylacetoacetate 2 (10 mmol), urea/thiourea 3 (15 mmol), La2O3 (10 mol%) under microwave
irradiation.
b Reactions were continued until the TLC showing the starting materials disappeared.
c Isolated yield. All the products obtained were fully characterized by spectroscopic methods such as FT-IR, 1H NMR, 13C NMR and
elemental analysis.
Microwave-assisted multicomponent reaction for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones S463No product could be obtained when the reaction was carried
out at room temperature for a long time even in the presence
of 20 mol% La2O3. It was also found that the use of 10
mol% La2O3 was sufﬁcient to promote the reaction and no
additives were required for this conversion under microwave
irradiation. There were no improvements in the reaction rates
and yields by increasing the amount of catalyst from 10 to
20 mol%. But in the absence of La2O3, the reaction did not
proceed even at higher irradiation, further increases the irradi-
ation time induced evaporation and charring. Hence, 10 mol%
of La2O3 was found to be the optimum level and the same con-
centration of catalyst was used for all reaction. Encouraged by
these results, a series of aldehydes were examined under opti-
mized conditions.
In order to show the merit of the present work, the reaction
is compared with some reported protocols. We compared
the results of the synthesis of 5-ethoxycarbonyl-4-phenyl-6-Table 2 Comparison of the results of the synthesis of 5-ethoxyca
different catalysts.
S. No Catalyst Condition
1 SbCl3 MeCN/reﬂux
2 InBr3 EtOH/reﬂux
3 Cu(NH2SO3)2 AcOH/reﬂux
4 H3PMo12O40 AcOH/reﬂux
5 LaCl3Æ7H2O EtOH/HCl/reﬂux
6 ZrCl4 Stirring at 100 C
7 CaF2 EtOH/reﬂux
8 Ionic liquid Heating at 100 C
9 La2O3 MW/solvent free at 320 Wmethyl-3,4-dihydropyrimidin-2(1H)-one (entry 4a in Table 1)
in the presence of SbCl3, InBr3, Cu(NH2SO3)2, H3PMo12O40,
ZrCl4, CaF2, LaCl3Æ7H2O and ionic liquid with respect to the
reaction times (Table 2). The yield of the product in the pres-
ence of La2O3 is comparable with these catalysts. However,
reaction in the presence of these catalysts required longer reac-
tion times and the yield was somewhat low.
The catalyst was used in twenty reactions and the results are
summarized in Table 1. It is seen that several aromatic alde-
hydes carrying either electron-releasing or electron-withdraw-
ing substituent’s in the ortho-, meta- and para-positions afford
high yields. Another important feature of this procedure is
the survival of a variety of functional groups under the reaction
conditions. Thiourea has been used instead of urea, gave the
corresponding 3,4-dihydropyrimidin-2(1H)-thione which is
also of much interest with respect to its biological activity.
The substrate bearing a strong electron withdrawing (NO2) alsorbonyl-4-phenyl-6-methyl-3,4-dihydropyrimidin-2(1H)-one using
Time Yield (%) References
20 h 89 Cepenec et al. (2007)
7 h 98 Fu et al. (2002)
6 h 79 Liu et al. (2009)
5 h 80 Heravi et al. (2006)
5 h 95 Lu et al. (2001)
2 h 91 Reddy et al. (2002)
2 h 98 Chitra and Pandiarajan (2009)
30 min 95 Peng and Deng (2001)
20 s 98 This work
Scheme 2 Proposed mechanism for the synthesis of 3,4-dihy-
dropyrimidinones/thiones catalyzed by La2O3.
S464 A. Kuraitheerthakumaran et al.gave a good yield within 60 s. It was observed that the reaction
of aromatic aldehydes with urea is very fast as compared to
thiourea.We have not tried this method for aliphatic aldehydes.
The reaction may proceed via acylimine intermediate 5
(Nandurkar et al., 2007), formed by the reaction of the alde-
hyde and urea/thiourea, which has been catalyzed by lantha-
num oxide. Subsequent addition of b-keto ester enolate to
the acylimine, followed by cyclization and dehydration, affor-
ded the corresponding dihydropyrimidinones (Scheme 2).
3.1. Spectral data and elemental analysis for selected compounds
3.1.1. 5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-
dihydropyrimidin-2(1H)-one (entry 4a)
IR (KBr) cm1 = 3278 and 3198 (N–H str.), 1642 and 1610
(C‚O str.); 1H NMR (DMSO-d6) d = 9.18 (s, 1H, H-1),
7.73 (s, 1H, H-3), 7.34–7.24 (m, 5H, Ar-H), 5.17 (d,
J= 3.5 Hz, 1H, H-4), 4.00 (q, 2H, CH2 of ethyl), 2.26 (s,
3H, CH3 at C-6), 1.10 (t, J= 7.5 Hz, 3H, CH3 of ethyl);
13C
NMR (DMSO-d6) d = 165.81 (CO of the ester), 152.61 (C-
6), 148.79 (C-2), 145.34 (C-10), 128.84–126.71 (other aromatic
carbons), 99.77 (C-5), 59.64 (methylene carbon), 54.45 (C-4),
18.24 (CH3 at C-6), 14.53 (CH3 of ethyl). Anal. Calcd for
C14H16N2O3: C, 64.60; H, 6.20; N, 10.76. Found: C, 64.52;
H, 6.12; N, 10.64%.
3.1.2. 4-(4-Chlorophenyl)-5-ethoxycarbonyl-6-methyl-3,4-
dihydropyrimidin-2(1H)-one (entry 4f)
IR (KBr) cm1 = 3242 and 3115 (N–H str.), 1706 and 1647
(C‚O str.); 1H NMR (DMSO-d6) d = 9.24 (s, 1H, H-1),
7.74 (s, 1H, H-3), 7.27 (d, J= 5.5 Hz, 2H, Ar-H), 7.15 (d,
J= 6.5 Hz, 2H, Ar-H), 5.16 (d, J= 3.5 Hz, 1H, H-4), 3.99
(q, 2H, CH2 of ethyl), 2.51 (s, 3H, CH3), 2.26 (s, 3H, CH3 at
C-6), 1.09 (t, J= 7 Hz, 3H, CH3 of ethyl);
13C NMR
(DMSO-d6) d = 165.72 (CO of the ester), 152.45 (C-6),
148.96 (C-2), 145.89 (C-10), 141.61 (C–40), 128.74–128.67
(other aromatic carbons), 99.63 (C-5), 59.66 (methylene car-
bon), 53.83 (C-4), 18.24 (CH3 at C-6), 14.61 (CH3 of ethyl).
Anal. Calcd for C14H14N2O3Cl: C, 57.25; H, 4.77; N, 9.54.
Found: C, 57.15; H, 4.63; N, 9.43%.
3.1.3. 5-Ethoxycarbonyl-4-(4-methoxyphenyl)-6-methyl-3,4-
dihydropyrimidin-2(1H)-one (entry 4g)
IR (KBr) cm1 = 3312 and 3171 (N–H str.), 1705 and 1650
(C‚O str.); 1H NMR (DMSO-d6) d = 9.14 (s, 1H, H-1),7.66 (s, 1H, H-3), 7.13 (d, J= 8.4 Hz, 2H, Ar-H), 6.86 (d,
J= 8.4 Hz, 2H, Ar-H), 5.08 (d, J= 3.2 Hz, 1H, H-4), 3.95
(q, 2H, CH2 of ethyl), 3.74 (s, 3H, OCH3), 2.23 (s, 3H, CH3
at C-6), 1.10 (t, J= 7 Hz, 3H, CH3 of ethyl);
13C NMR
(DMSO-d6) d = 166.05 (CO of the ester), 159.1 (C-40), 152.0
(C-6), 148.68 (C-2), 137.72 (C-10), 128.37–114.52 (other aro-
matic carbons), 100.25 (C-5), 59.86 (methylene carbon),
55.86 (OCH3 at C-4
0), 53.4 (C-4), 18.2 (CH3 at C-6), 14.7
(CH3 of ethyl). Anal. Calcd for C15H18N2O4: C, 62.06; H,
6.20; N, 9.65. Found: C, 62.01; H, 6.12; N, 9.53%.
3.1.4. 5-Ethoxycarbonyl-6-methyl-4-(4-nitrophenyl)-3,4-
dihydropyrimidin-2(1H)-one (entry 4h)
IR (KBr) cm1 = 3290 and 3150 (N–H str.), 1711 and 1657
(C‚O str.); 1H NMR (DMSO-d6) d = 9.32 (s, 1H, H-1),
8.20 (d, J= 8 Hz, 2H, Ar-H), 7.92 (s, 1H, H-3), 7.52 (d,
J= 8 Hz, 2H, Ar-H), 5.25 (d, J= 3.0 Hz, 1H, H-4), 3.95 (q,
2H, CH2 of ethyl), 2.27 (s, 3H, CH3 at C-6), 1.11 (t,
J= 7.5 Hz, 3H, CH3 of ethyl);
13C NMR (DMSO-d6)
d = 164.95 (CO of the ester), 151.9 (C-6), 151.7 (C-40), 149.3
(C-2), 146.6 (C-10), 127.5–123.7 (other aromatic carbons),
100.2 (C-5), 59.3 (methylene carbon), 53.6 (C-4), 17.8 (CH3
at C-6), 13.9 (CH3 of ethyl). Anal. Calcd for C14H15N3O5:
C, 55.08; H, 4.91; N, 13.77. Found: C, 55.01; H, 4.85; N,
13.69%.
3.1.5. 5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-
dihydropyrimidin-2(1H)thione (entry 4k)
IR (KBr) cm1 = 3328 and 3175 (N–H str.), 1671 (C‚O str.),
1196 (C‚S str.); 1H NMR (DMSO-d6) d = 10.32 (s, 1H, H-1),
9.64 (s, 1H, H-3), 7.37–7.23 (m, 5H, Ar-H), 5.19 (d,
J= 3.5 Hz, 1H, H-4), 4.02 (q, 2H, CH2 of ethyl), 2.31 (s,
3H, CH3 at C-6), 1.10 (t, J= 7 Hz, 3H, CH3 of ethyl);
13C
NMR (DMSO-d6) d = 174.75 (C-2), 165.60 (CO), 145.47 (C-
6), 143.98 (C-10), 129.0–126.85 (other aromatic carbons),
101.22 (C-5), 60.04 (methylene carbon), 54.53 (C-4), 17.63
(CH3 at C-6), 14.47 (CH3 of ethyl). Anal. Calcd for
C14H16N2OS: C, 64.61; H, 6.15; N, 10.76. Found: C, 64.57;
H, 6.10; N, 10.66%.
3.1.6. 5-(3-Chlorophenyl)-5-(ethoxycarbonyl)-6-methyl-3,4-
dihydropyrimidin-2(1H)-thione (entry 4n)
IR (KBr) cm1 = 3313 and 3186 (N–H str.), 1665 (C‚O str.),
1197 (C‚S str.); 1H NMR (DMSO-d6) d = 10.40 (s, 1H, H-1),
9.67 (s, 1H, H-3), 7.36 (d, J= 8 Hz, 1H, Ar-H), 7.41–7.24 (m,
2H, Ar-H), 7.19 (d, J= 8 Hz, 1H, Ar-H), 5.2 (d, J= 3.5 Hz,
1H, H-4), 4.04 (q, 2H, CH2 of ethyl), 2.31 (s, 3H, CH3 at C-6),
1.11 (t, J= 7 Hz, 3H, CH3 of ethyl);
13C NMR (DMSO-d6)
d = 174.87 (C-2), 165.43 (CO), 146.26 (C-6), 146.03 (C-10),
133.55 (C-30), 131.11–125.50 (other aromatic carbons), 100.61
(C-5), 60.15 (methylene carbon), 54.09 (C-4), 17.67 (CH3 at
C-6), 14.45 (CH3 of ethyl). Anal. Calcd for C14H15N2O2S: C,
61.09; H, 5.45; N, 10.18. Found: C, 61.01; H, 5.49; N, 10.12%.
3.1.7. 5-Ethoxycarbonyl-6-methyl-4-(4-nitrophenyl)-3,4-
dihydropyrimidin-2(1H)-thione (entry 4r)
IR (KBr) cm1 = 3305 and 3170 (N–H str.), 1652 (C‚O str.),
1184 (C‚S str.); 1H NMR (DMSO-d6) d = 10.22 (s, 1H, H-1),
9.62 (s, 1H, H-3), 8.16 (d, J= 8 Hz, 2H, Ar-H), 7.52 (d,
J= 8.5 Hz, 2H, Ar-H), 5.16 (d, J= 3 Hz, 1H, H-4), 3.96 (q,
2H, CH2 of ethyl), 2.26 (s, 3H, CH3 at C-6), 1.10 (t,
J= 7 Hz, 3H, CH3 of ethyl);
13C NMR (DMSO-d6)
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146.47 (C-6), 127.37–123.7 (other aromatic carbons), 99.78
(C-5), 59.46 (methylene carbon), 54.80 (C-4), 17.82 (CH3 at
C-6), 14.6 (CH3 of ethyl). Anal. Calcd for C14H15N3O4S: C,
52.33; H, 4.67; N, 13.08. Found: C, 52.26; H, 4.59; N, 13.01%.
3.1.8. 5-Ethoxycarbonyl-4-(4-methoxyphenyl)-6-methyl-3,4-
dihydropyrimidin-2(1H)-thione (entry 4q)
IR (KBr) cm1 = 3312 and 3171 (N–H str.), 1667 (C‚O str.),
1191 (C‚S str.); 1H NMR (DMSO-d6) d = 10.12 (s, 1H, H-1),
9.57 (s, 1H, H-3), 7.12 (d, J= 8 Hz, 2H, Ar-H), 6.86 (d,
J= 8 Hz, 2H, Ar-H), 5.14 (d, J= 3 Hz, 1H, H-4), 3.98 (q,
2H, CH2 of ethyl), 3.74 (s, 3H, OCH3), 2.29 (t, 3H, CH3 at
C-6), 1.10 (t, J= 7 Hz, 3H, CH3 of ethyl);
13C NMR
(DMSO-d6) d = 175.45 (C-2), 165.32 (CO), 159.40 (C-40),
150.10 (C-6), 137.12 (C-10), 128.45–114.72 (other aromatic car-
bons), 100.2 (C-5), 59.86 (methylene carbon), 55.46 (OCH3 at
C-40), 54.2 (C-4), 18.6 (CH3 at C-6), 14.6 (CH3 of ethyl). Anal.
Calcd for C15H18N2O3S: C, 58.82; H, 5.88; N, 9.15. Found: C,
58.74; H, 5.79; N, 9.20%.4. Conclusion
In conclusion, we have described the ﬁrst time use of lantha-
num oxide as an efﬁcient catalyst for the synthesis of 3,4-dihy-
dropyrimidin-2(1H)-ones and their corresponding thiones
analogs by multi component Biginelli reactions under micro-
wave irradiation and solvent-free reaction conditions. This
method offers several advantages including high yields, very
short reaction time and a simple experimental workup proce-
dure, which makes it a useful process for the synthesis of
DHPMs. It is also consistent with a green chemistry approach
and environmentally friendly process since, no solvent is
needed. We believe, our procedure will ﬁnd important applica-
tions in the synthesis of dihydropyrimidinones to cater the
needs of academia as well as pharmaceutical industries.Acknowledgment
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